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trilxitions  of  surface  and  induced  air  temiioratures  of  stixictures  on  open 
exposure  in  the  luonid  tropics.  Data  were  collectc'd  for  a number  of  dif- 
ferent structures  locatixl  in  open  areas  in  both  the  wet  ;uul  dry  seasons 
and  indifferent  orientations  for  selected  stnictures.  ^ 
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20.  /VBSTRACT  (cont) 

‘>10. 

The  highest  teraiierature  measured  was  lOZ®!’  (,89®C)  on  the  metallic  ceiling 
surface  of  an  insufated  MILVAN  container.  Tlie  highest  roof  surface  tenqwra- 
ture  was  180'’l‘  (82*0  occurring  on  a (XWl-X  container,  and  the  highest  enclostxl 
air  tera|ierature  was  142*r  (61*0  occurring  within  an  eiraity,  noninsulated 
MILVAN. 

A MILVAN  positionetl  with  its  long  iixis  ninning  north  to  south  had  higher  in- 
tenial  air  temperatures  th;m  .an  identical  MILVAN  jwsitioned  with  its  long 
axis  naming  east  to  west,  llie  mean  temperature  difference  was  .S®T'  at 

0900  hours  ;md  4‘’F  (Z^C)  at  15.^0  hours.  , 

f 


T/MUJ-;  i)i-  awriLN'i's 


PatiO 

2 


LIST  OF  TABlJuS  ANH  FIOlIRl-S 

SirH\RY 

Fi’tRin^oRn 

SLLTUM  1.  imwuucrrioN 

1 . 1 BACKGROUND  

1.2  OBJtCTIVli 

SliCTION  2.  DLTAILS  OF  INVIiSTI CATION 

2.1  DATA  SOURQLS 

2.2  PRliSLNTATlCW  OF  RLSin.TS 

2.3  RESULTS 

2.4  DISCUSSION  


S 

b 

7 

7 

9 

14 

14 

15 


SECTION  5.  AITENDIXIiS 

A TABLES  AND  F'laiRES  OF  TEMI’ERAllIRE  FREgUl-T^lT 


DISTRlBUnON A-1 

B REFT-RENQ-S B- 1 

C DlSTRlBirriON C-1 


I' 


LIST  OF  TAliliiS  AND  I-UIIRILS 


tabu; 


A-1  Percentages  of  Measurements  Wlxich  Lqual  or 

lixceeU  Specified  Tenverature  Tliresholds  (.IJata 
Source  1 - Dry  Season,  1974)  

A-2  Percentages  of  Measurements  Which  ik^ual  or 

Exceed  Specified  Temi^eruture  lliresholds  (Data 
Source  1 - Wet  Season,  1973)  

A- 3 Percentages  of  Measurements  Which  Equal  or 

Exceed  Specified  Temperature  Thresholds  (Data 
Source  2 - Dr>'  Season,  197t») 

A-4  Percentages  of  Measurements  Which  Equal  or 

Exceed  Specified  Temperature  Tliresholds  (Data 
Source  2 - Wet  Season,  1976) 

A-S  Percentages  of  Measurements  Which  Equal  or 

Exceed  Specified  Temperature  Tliresholds  (Data 
Source  3 - Wet  Season,  1977) 

A-b  Percentages  of  Days  on  Wliicli  Specified 

Temperature  lliresholds  Were  Equaled  or  ILxceeded 
(Data  vSource  1 - Dr>’  Season,  1974) 

A-7  Percentages  of  Dai's  on  Whicli  Specified 

Temperature  Thresholds  Were  Equaled  or  Exceeded 
(Data  Source  1 - Wet  Season,  1973) 

A-8  Percentages  of  liays  on  Whicli  Specified 

Temperature  Tliresholds  Were  i-qualed  or  Exceeded 
(Data  Source  2 - Ihy  Season,  1976)  

A-9  Percentages  of  Days  on  Wliich  Specified 

Temperature  Tliresholds  Were  l^ualed  or  1-xceeded 
(Data  Source  2 - Wet  Season,  1976) 

A- 10  Percentages  of  Days  on  WliicJi  Specified 
Temperature  Thresholds  Were  llqualed  or 
Exceeded  (Data  Source  3 - Wet  Season,  1977) 


PAtl- 


A-1 


A-; 


A- 3 


A-4 


A-5 


A-6 


A-7 


A-8 


A-9 


A- 10 


t-igiKi: 

i 

3 

4 

5 


A-1 
A-: 
A- 3 
A- 4 
A-S 
A-ti 
A- 7 

A- 8 

A-i) 

A- 10 

A- 11 

A-i: 

A- 13 
A- 14 


i'aq; 


Out  lor  Oiuldiut; 0 

ik'iu'ral  rmix'se  Tout 10 

UWllX  uiutainor 11 

Kliito  L;unvr IJ 

MILVAM  Containor  13 

tonvarisuii  of  Awragod  Diuntal  I'oiinx'ratvnvs  in  a 
NiTth-South  Oriontod  Mll.V.VN  ;uid  in  ;ui  l;ast-Kost 

Oriontcnl  MllV.-VN  O'^'t  So;ison,  1077) lo 

Oiunial  Variation  of  Awragi'd  roiiijvratuiv  IHf- 
foix'ncos  of  North-South  ;ind  I'.ast-lVost  Oriontod 

MlLV.Ws  O'i'l  Soiisi-vi,  10"7) lo 

Oirnilatiu'  I'lVvnn'noy  lHstril>ut  iiMis  of  font 

ron|X'ratuix'S  f On-  -So  as  on,  lO"!) A- 11 

Cvinulatux'  l-ix'qvK.'ncy  IHst  rihutions  of  font 

TonnK'ratmx's  flVi't  Soason,  1073) A- 11 

Ciiixilativo  Frequency  Uistribut ions  of  Butler 

Building  Ton|)eratuix's  (On’  Season,  1074) A-1- 

Oiimilativo  Fmiuoncy  Histributions  of  Butler 

Building  roinK'ratuix'S  O'i'f  SiMSixi,  1073) A-IJ 

Qmulatitx'  Fix'quoncy  Uistributiv.ms  of  tWNliX 

Oontainor  foniiH'ratuix'S  (^Ihy  Soasi.^i,  1074)  .....  A-13 

Cianulatiw  Fix'quono'  Pistribut  iims  of  tXWliX 

Oontainor  rom}>oratuix's  O'^'f  Si'ason,  1073) A-13 

i'uiiulati\x'  Fix'qiK'iicy  Uistributi(.vis  of  iXWhX 
;uid  Miito  tauiijvr  Roof  VoiiiiK'ratuix's 

(.Ihy  So;ison,  Fobrimry  107o) A- 14 

L'uiiulativo  Fix'qut'iicy  lUst rihutions  of  i.XlNF.X 
;uul  Wiito  iXui^vr  Intonial  Air  I'omjx'ratuix'S 

fPiy  Soason,  R'bruaiy  107s) A- 1 4 

Cmiulativx'  FixxiiK'iicy  lUst rihutions  of  iX'^NF.X 
;md  Miito  cXuivor  Roof  loniix'ratuix'S 

Ovot  Soiison,  Juno  10 "o) A- IS 

iXaimlat iw  Fix'qui'iicy  Hist ribut ivins  of  tXWFX 
iuid  Wiito  tXuivor  Intonial  Air  lom}vratuix'S 

(.Wot  Soason,  Jinio  10 "s) A- 15 

Ciaiailativo  Fix'qut'iicy  Hist  ribut  iiHis  of  tX>NliX 
Containor  Roof  I’oin’oratuix'S  for  Jiuio  ;uid 

July  107o  O'x'f  Soason) A- U' 

larHilativx'  Fix'qiR'iicy  IHstrihut  ions  of  tXWF.X 
Container  Internal  Air  lomiH'ratuix's  for 

Jinte  juid  July  10 'o  (.IVot  St'asvm) A- Is 

iXamilativo  FiX'qiK'iicy  Uistributions  of  Ihonivil 

Insulated  MILV.AN  Toniiu'ratuix'S  (.Wot  Soason,  107'')  . A- 1' 

CiBiiulatiw  Frx\(uoncy  Pis t rihutions  of  Nt.'in- 

Insulatod  MllA'.XN  ronijH'ratuix'S  (^Wot  Soason,  lO'?)  . A-1' 


5 


SlFrtVRY 


Teni^ierature  t'rtxiuencies  obtained  on  tlK'  surfaces  ai\d  in  tlu* 
interiors  of  different  structures  on  oiien  exposure  in  the  lunid  tropics 
of  tlie  Panama  Canal  Zone  are  presented.  Ikita  were  collected 
for  sereral  types  of  structures  located  in  0|x*n  areiis  in  both  the  wi't 
and  dr>’  seasons,  and  in  different  orientatiaus  for  selected  structures. 

n\e  highest  ten^>erature  measured  was  192’’l'  oi\  the  metal- 

lic ceiling  surface  of  an  insulated  MILVAN  caitainer.  TIk'  highest  roof 
ten%H.*rature  was  180®F  i8Z®Cl  occurrmg  on  a 1\1N11X  container,  juid  the  highest 
termerature  of  the  enclosed  air  W{u>  142®F  iol®C)  occurring  within  aii  eni'ty, 
nonu\sulated  MILVAN. 

A MILVAN  jxjsitioned  witJ\  its  long  axis  numing  north  to  south 
had  hi^ujr  internal  air  teniieratures  thait  iu\  identical  MILV.-XN  positii-ned 
witJt  its  long  axis  running  east  to  west,  nie  mejm  ten|H'rature  difference 
was  S^F  (3®C)  at  OiUH)  hours  and  4®F  (.2®C)  at  153()  hours. 
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SliCrRIN  1.  INTROlDCriON 


I . I 

Tu'o  previous  rtT>orts  '»“  described  cxtieim.'  tenij^eratiires  iii  ;md  on 
structures  openly  exiiosed  in  the  luunid  trqiic  environment  of  the  C;uial 
Zone.  The  fact  tlvit  measured  temperatues  were  lugher  tJ\:m  expected 
prompted  the  US  Aiw  Test  ;md  Evaluation  Conruind  to  direct  USAiTl!^  to 
compile  and  ;uialy:e  fmiuencv’  distributions  of  tJ\e  temiieratures  fioni 
which  the  extremes  had  f^vn  publishei.1.  lliis  pajier  presents  tlie  results 
of  this  comjnlation  and  ;uialysis.  It  mcludes  several  tk?w  scries  of  ilata 
obtaineil  since  the  jxiblication  of  the  two  i-eports  referenced  iUiove. 

1.2  ORia-riVT- 

The  objective  of  this  study  Wiis  to  conq^ile  and  ;uvily:e  frequency 
distributions  of  surface  ;uk1  inductxl  air  temiJeratures  of  structures  on 
open  ex'posure  in  the  humid  tropics. 


1 . 


^ Portig,  W.  H.,  Storage  ;uul  Surface  Temix'ranires  in  the  llimid  Trojiics 
USATn:  Report  No.  TSOZOO!',  FeVriian-'  111*’'';  'ACilTSOl 


I' 

i. 

i! 


Portig,  K.  M. , Moisture  ;uid  Tenperatiire  Coni.litions  in  StoiMge 
Containers  in  llunid  tjivironnK>nts,  Pre j cc t \'o.  CO  PBS  TTl  004, 

USAl'li:  Mcthodolog>’  Investigation  in  press 


^ Letter  URJ^L-NQ;,  THCGM  23  Au^ist  1977,  suhjcvt:  .Analysis  of 
Climatic  Frequenev’  Distribution  Data,  ITIMS  No.  " (.XI  tir  1T3  001, 
with  2 Incls,  TR^^S  lAimis  1188  ;uid  1189 


birr  ION'  2. 


ULTAll.S  01-  1.\Y1;ST1(I/VH():.' 


2.1  ilATA  SDURClib 


Tliree  j rejects  produced  data  suital)le  for  this  study.  Data  sources 
are  sunimrized  lie  low: 
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2.1.1  Source  1. 


Source  1 data  consisted  of  hourly  temperature  data  from  Portig's 
Storage  and  Surface  Tenperature  report.  These  were  analyzed  for  tliree 
structures;  an  all-metal  storehouse  without  an  attic  (a  "Butler" 
building),  a general  purpose  tent,  and  an  all-steel  CDNEX  transportation 
container. 


The  Butler  Building  was  located  at  the  Fort  Clayton  General  Purpose 
Test  Area,  Chiva  Chiva  (Pacific  side  of  the  Canal  Zone) . It  was  52 
feet  (16m)  long,  36  feet  (11m)  wide,  and  16  feet  (5m)  high  at  the 


ridge  (figure  1) 


Figure  1.  Butler  Building 


The  windows  wore  covered  witli  wliite  vi'neti;ui  hlinds.  l'einj)e  rat  lire  data 
woR'  collected  using  thermocouples  at  tJiree  locations:  one  gliit'd  near 
tlie  peaked  portion  of  the  outer  surface  of  tlie  tin  rool  , one  hiuiging  3 feet 
(Im)  heJow  the  ridge,  and  one  h;uiging  H I'eet  (J.  Im)  .iliove  the  concrete  floor. 
Iburly  data  weix'  collected  during  tlie  (lerioils  28  Septeiiiier  through  30  Noveni- 
her  1975  ;uul  14  Fehmaiy  through  If)  April  1974. 

Ihe  general  puqwse  tent  w;is  of  ni'dium  size  (figurt'  2)  ;uid  was  located 
on  tlie  Chiva  lliiva  Anteiuia  Farm  (Pacific  side  of  the  i:;uial  Zone).  Teinwraturc 
data  were  collected  using  thermocouiiles  at  two  locations:  one  glued  to 
the  outside  of  the  fabric  close  to  the  liigliest  point  of  the  tent  and  one  in- 
side, h.mging  3 feet  (Im)  above  the  groiuid.  Hourly  data  were  collected  for 
tile  periods  12  Septeiiiier  through  30  Novemlier  1973  ;ind  4 Marcli  through 
15  April  1974. 


Figure  -S.  tXWFX  Container 


Temperature  d;ita  were  collected  using  thenuocouples  at  two  locations: 
one  glued  to  tlie  underside  of  the  upixjr  surface  (tlie  ceiling)  and  one 
Hanging  at  the  geometric  center  of  tlie  container.  Hourly  iFita  were  collec 
ted  during  tl\e  periods  12  Septemljcr  througli  .’Si)  Noventier  1973  and  13  Feb- 
ruary through  IS  April  1974. 

NtTTF:  All  Source  1 tlata  were  collected  ;ind  reduced  by  the  Atmospheric 
Sciences  Laboratoiy,  Canal  Zone  Meterological  Team. 


2.1.2  Source  2. 

Source  2 iFita  consisted  of  tenperature  data  from  Portig's  Moisture 
;u\d  Temjieratuiv  CouiLitions  report.  Ilu'sc  werx'  ;u\alyzed  for  two  containers 
an  all-steel  (UNliX  tnmsportation  container  and  a c;imjx'r. 

The  containers  were  ]wsitioned  close  togetlier  on  a grass  plot  in  the 
Fort  Cl.ayton  Ccncral  IXirimse  Test  Area,  (Tiiva  (liiva.  71)0  (XMiX  con- 
tainer was  the  same  container  pix'viously  described  under  Source  1. 

The  c;imper  was  painted  \\(hite  mid  its  walls  mul  ceiling  had  1-indi 
(ZSttri)  fiberglass  insulation.  Its  windows  were  covenxl  with  plvwocxl 
.and  there  was  no  ventilation  except  when  the  tioor  was  opened  for  in- 
spection of  the  instruments  (figure  4).  Its  outer  diiiKMisions  were 
length  ().3  feet  (1.91m),  width  4.8  feet  (1.4.Sm),  .iikI  height  3.2  feet 
(1.57m) . 
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Figure  4.  Wiite  Canper 

Tenperature  data  for  both  containers  were  collected  by  means  of 
tliermoconJles  at  two  locations:  one  glued  to  the  center  of  the  upper  sur~ 
face  (the  roof)  and  one  lianging  at  the  geometric  center  of  the  container. 
Temperatures  were  recorded  every  6 minutes , except  for  18  days  in  July 
1970  when  data  were  collected  every  90  seconds  on  the  CONEX  container. 

Data  were  analyzed  at  1-hour  intervals  for  18  dry  season  days  in 
Febi\iar>’  197b,  at  6-minute  intervals  for  12  rainy  season  days  in 
June  1976,  and  at  90-second  intervals  (CDNEX  container  only)  for  18 
raijiy  season  days  in  July  1976.  Hie  reason  for  different  treatment 
of  the  seasons  is  tlrat  tenperature  variability  is  rather  small  in  the 
dry  season  but  large  in  tlie  wet  season.  During  the  latter,  frequent 
dianges  between  bright  sunshine  and  tJiick  cloud  cover  (sometimes  witli 
rain)  caused  frequent  ten^erature  dianges. 

2.1.3  Source  3. 

Source  3 data  consisted  of  tonperature  data  obtained  from 
a customer  test  of  thermal  insulation  for  five  ^fILVAN  containers. 

Tlic  Mll.VAN  test  was  directed  and  funded  by  the  US  Army  Materiel 


r 

i 


Dcvoloimient  ami  Readiness  doiimumd  (\iiiuiu\ition  llenter,  Sav;iiuia,  Illinois. 

The  test  entailed  the  collection  of  teiin)t'ratine  data  on  one  MILVA'V 
without  tlieniial  insulation,  ;uk1  four  other  Mll.V.Ws  with  diffeR'nt 
tyjx'S  of  ceiling  thermal  insulation,  each  approximately  1 inch  (ZSnni) 
thick.  In  addition  to  the  MILVAN  test  data,  temjierature  data  were  col- 
lected ;uid  ;uialy2ed  on  two  additional  noninsulated  MII.V.Ws. 

Tne  five  MlhVANs  of  tlie  thermal  insulation  test  were  20  to  25 
percent  filled  with  iuiuniuiition  packed  in  wooden  crates,  i'eirn^erature  data 
werc  collected  eveiy  04  minutes  usmjj  tlienitistors  at  three  locations: 
one  ijlued  to  the  underside  of  the  upjx'r  surface  fthe  ceiliny) , one 
positioned  4 feet  fl.2m)  above  the  container  floor  to  mt'asurc  the  contain- 
er air  temperature,  ;md  one  attaclied  to  the  surface  of  luimiunition  within 
a centrally  located  crate.  In  the  four  insulated  MlhVANs,  the  insulation 
layer  covered  tiie  ceiling  surface  with  its  attaclied  thermistor. 

The  two  noninsulated  MlhVANs  were  eiiijity  ;uid  were  positioned  one 
pe riiendicular  to  the  other.  One  MlhVAN  presented  its  long  side  to  tlie 
rising  and  setting  sun;  its  long  axis  naming  north  to  south.  The  long 
axis  of  the  other  MlhViVN  r;ui  oast  to  west.  Tei!qierature  data  were  collec- 
ted every  64  minutes  using  tliermistors  located  at  the  geometric  center 

of  the  vaits  (.eye  level).  i 

All  MlhV/\Ns  were  painted  olive  drab  ;md  were  positioned  in  the  fort  I 

Clayton  General  l\npose  Test  Area,  Chiva  (hiva  (figure  5).  Dimensions 
of  the  MlhVAN  were  length  20  feet  (b.lm),  width  8 feet  (2.4m)  and 
height  8 feet  {2.4m).  Teii^x'rature  data  presented  in  this  p:qicr  weix* 

collected  during  the  pericxls  28  .lime  through  10  July  1977  <uid  9 August  i 

through  22  October  1977.  : 


I’RliSliNTA'riON  OF  Rl-SULTS 


i.'ianulative  frt'quencies  of  temperatures  were  comjnitoii  .uwi 
L'ojin'rted  into  iwrcontages  for  eacli  series  of  d/jta  discussed  in  the 
pix'vioiLs  section.  ITiey  are  presented  in  three  ways:  in  two  sets 
of  tables  ;md  graiJ\ical ly . 

Tilt'  fii-st  set  of  tables  (tables  A-1  through  A-5)  presents  tJic  percentage 
of  all  tenveraturc  measurements  viiiidt  equaled  or  exceeded  sj^cificd 
tenverature  thresholds.  Tenqxjrature  diita  base  includes  both  daytime 
;md  ni  gilt  time  tein>erature  measurements,  llie  second  set  of  tables  (tables 
A-0  t]ux)ugii  A' 10),  using  tJie  same  data  base  as  the  first  set,  presents 
tlie  percentage  of  days  on  wi\icl\  specified  teniperatui'c  thresholds  were 
equaled  or  exceeded,  (lliis  second  set  of  tables  should  be  iLsed  with 
care  since  the  numlwr  of  days  with  data  w;is  ratlier  small.)  Ihe  grai>hical 
pivsentatioi\s  (figures  A-l  through  A- 15)  follow  tiie  ex;jin>le  set  by  Schafer'^ 
in  his  rejKirt  on  temfu'ratui'es  of  ordnance  in  different  kinds  of  storage. 

Ihe  graphs  liave  Falirenlieit  degrees  on  the  upjxjr  scale,  Celsius  degrees 
on  tlie  lower  scale,  and  accumulated  frequencies  on  tl\e  ordinate.  The 
tenveratuiv  recordings  were  in  Falirenlieit  degrees;  Celsius  values  were 
calculated. 

Ihe  threshold  tera(icrature  of  lt)0°F  (71.1°C)  is  the  up(ier  limit 
of  "induced  storage  temperature"  as  defined  in  AK  70-385.  niis  threshold 
is  em(ili;is i zed  by  a vertical  lino  in  tlie  grapiis  and  by  underlining  in 
tlie  tallies. 

2.3  Rl-SllLTS 

• Teniieratuixis  of  the  air  or  of  stored  goods  in  the  containers  never 
readied  tlie  "maximum  indixicd  storage  temperature"  of  AR  70-38.  Ihe  highest 
measured  air  temperature  was  142°F  (61°Ci , occurring  within  an  enpty,  non- 
insulated  MILVAN. 

•Tlie  highest  ten^ierature  measured  was  192°F  (89°C)  on  the  surface 
ot  the  ceiling  of  an  insulated  MILVAN  container.  This  ceiling  surface 


For  instance:  Sdiafer,  Howard,  A Sutmaru  of  Measured  Tempevatio'e 
Kjpoamy  Data  of  AifaraJ^  Rooket  Catapulta  and  Cockpit  EQuixment^ 
Naval  Wea|K)ns  tenter,  Cnina  Lake,  California,  tedmical  Report  No. 
59b9,  July  1977. 

5 "Researdi,  Ifcvelopment,  Test,  and  evaluation  of  Materiel  for  extreme 
idimatic  Conditions,"  19(>9. 
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uah  coviMX'J  wit  1\  .1  1-iiuh  iJSiiin)  l.uvr  tlu'niuil  msul.il  ion.  llu' 
liijllw'St  i\H't  t omiH'i Mt mo  was  ikum  i inj;  on  a ilaik  >.oloioil 

l\k\l;\  containor. 

• Tno  Mll.V.AN  tliat  pivscntoil  its  loiu;  sivlo  to  tho  i isitij;  aiul  sot  t mp, 
siui,  I.O.,  tlio  van  witli  its  Umi.i;  axis  mnnini;  nortli  south,  luul  lu>;hor 
intomal  an  tom|H.MMtnros  th.ui  an  ulontioal  MllA.VN  with  its  lon^;  axis 
nuinin>;  oast  to  wost.  I'lio  Uit  tou'iuo  was  uroatost  at  miillon'iioon  aiul  mul 

at  tonioon  (inoan  J i I I'oronoos  won'  at  ihUH'  aiul  P'l  t-"’!')  at  ll-aO  lioin  s). 

J.4  i)isi:iissio\ 

hata  sIk'w  tliat  tlio  ti'uiiH'ratun'S  at  phuos  wlu'ix'  ijoovls  wi'ix'  i>r  iiuiy 
iiavo  I'oon  ston'd  won'  alwaxs  woll  I'olow  tho  thioslioM  valuo  x't  Ini'"! 

(..’l.r’C).  Thon'  was,  nouoii'r,  v,'ni'  location  wlu'n'  tlu'  ti'mi'oratmx'  ( tx' 

qni'iit  ly  roso  ahovo  tins  valiio;  nann'lv  , tho  ooilinj;  snriaoo  ot  tho  in- 
siilatovl  i-il l.V.-VNs . I'his  surtaoo  was  ooxorovl  with  a 1-inoh  lJr>MMiil  la>oi' 
of  tlioimil  insulation,  lor  piir|X)sos  ol  storai’,o  in  tho  vans,  this  oaso 
IS  without  intoix'st  ; howovor,  tlioix'  nwiy  Iv  itoms  whioli  havo  similar 
oonfijju rat  ions  in  tlioir  ujipor  parts.  Somt.'  hoiiooptors,  lor  iiistaiuo, 
havo  oahlos  hotwoon  tho  uppor  outor  slioll  aiul  an  insulation  laxor  hi'iioath. 
Similar  oonfi^urat  ions  oxist  in  iiiiiios. 

laoii  thoujjh  tho  air  tomporatun'S  within  tho  Oi'iitaiiu'is  woro  always 
woll  holoiv  lt'l)"l‘  l^’l.r’l!),  tlioy  wx'ix'  troxjih'iitly  ahx'vi'  hiuiuin  survival 
toinxoraturos . Tho  >;onoral  purposo  tout,  tluxu,k;li  maJi'  to  sholtor  huiitin 
boiiijjs,  was  I'lton  oritioally  liot  fi»r  survival.  Tlu'Si'  hij^li  ti'iniH' ratlin's 
won'  attaiiK'vl  whilo  tho  ;imlxiont  air  w.is  hotwoon  So  aiul  l)o"l  iph  aiul 
.xo‘\’).  l.lsowhoix'  aiiixiont  air  tomjvraturos  uj'  to  lao''!  (,SS"rr'  havo 
boon  iifc'asiux'xl,  aiul  tho  pixxhability  for  oxoossivo  insuU'  tomj'orat iiix's 
iiuiy  woll  bo  hijjhor  than  roportoxl  lioix'. 

Data  Sxuiroo  a oixntains  two  sorios  ix|  uitonial  an  ti'iin'x'iatun's 
xxl  Ml  l,V/Vi\s , xnio  ot  wliioJi  was  [xxs  1 1 ioiioxl  witli  its  loiii;  axis  mnniiik;  north 
to  soutli  ;uul  tho  othor  with  its  Kxiiy;  axis  runniiixi  oast  to  wost.  As 
tahlo  A-S  shows,  tom{ioraturos  ahi'vo  1J()‘’1'  (IS.iU')  woix'  aliiutst  twioo  as 
tn'ipK.'iit  in  tho  nortli-south  ixriontod  van.  1 ijjuro  ('  sluxws  tho  avora^nod 
lUunial  v.iriatixxn  of  tho  intomal  air  toiinxoratuix's  in  tho  vans,  aiul  tlio 
ourvx'  in  fiyjuro  7 is  tho  diftoix'iioo  botwi'on  tho  two  oiirxos  xxf  ti_x;iux'  o. 
lit’uro  7 shows  that,  on  tho  avonix^o,  air  in  tho  north-Si'Uth  posit  umu'vI 
MllA'.VN  was  at  DDOO  Imurs  S^'l-  wanm'r  aiul  at  ISaD  hours  r'f 

wanik'r  than  tho  air  in  tlio  otlu'r  Ml lA'.AN.  I'liosi'  tomixi'iat uix'  dil  loix'iuos 
oociir  booaiuso  diffoivnt  oriontation  iix'ans  dit  foix'nt  oxposuix'  tx'  solar 
raxliat  ixui. 


b 


St'o,  for  instiuuo,  Valotto,  Jr.,  John,  .Vat  o/ 

Arit'i.int  /V'.‘'«'oiMt!«is'ti  ,gid  /V”.';'oiMf jux'a  oj’  .Vat<''i'ro7~7'.i?'>'a.'.;  f o 

a’oi'ar  ton.  US  Aniiy  Ijijjinoor  l'opoy;rapliii'  l.ahoratoru'S , 

l\xrt  IVhaxir,  \ A.  Kopi'i  t i ri.-SR-7.x-: , IR-.x. 


APPl^IX  A.  TAR1.FS  AMP  FIGIIRF.S  OF  TW^JIRF  reR^II3CY_m^ 


Thble  A-1.  PercCTitages  of  Measurements  Which  Eqinl  or 
Exceed  SpyiFied  Toi^rature  Thresholds 
TnataSoufceT  - Dry  Season,  19747 


Data  Sovirce:  1 

5?oason:  Dry  (Fehrinry  - April  1974) 
Interval  of  Measurements:  60  minutes 


.Stnictuix';  Tent  Ikitler  BUli;  tXlNliX 

Uvatioii  of  Sensor:  Rcx^f  C>jul  Hoof  Top  Near  Ceiling  Center 

Center 


I'lxresliold 

(°F) 

(°C) 

155 

08.3 

- 

0.3 

- 

150 

o5.o 

0.5 

1.0 

- 

145 

02.8 

0.9 

1.0 

- 

140 

oO.O 

2.0 

2.0 

0.1 

130 

54,4 

4.2  0.1 

8.0  4.5 

2.5 

120  48.9 

No.  of  measurements 
ix?r  sensor: 
Maxinun  measure- 

7.5  0.5 

1020 

17.5  10. 1 

1320 

12.7 

1472 

ment  (°C) 

Data  presented  in 
Figure 

08  5o 

A-1 

09  59  47 

A- 3 

01  50 

A- 5 

LUGLMD  Roof  - upper  surface,  roof  (structure  itself) 

Ceilii\g  - ui)iwr  mderface,  ceiliitg  (structure  itself) 
Top  - 3 feet  (Im)  below  roof  ridge  (enclosed  air) 

Near-Center  - 8 feet  (2.4m)  al-^ovo  floor  (enclosed  air) 
iJtd  - 3 feet  (Im)  above  ground  (enclosed  air) 

Center  - geometric  center  of  structure  (enclosed  air) 


1 able  A-J.  Poivont;i>vos  of  ^^ea.sulV^x:»nt s 
b'liidt  lAjlun  or  t!xcw J T^v i m\f  TonsH^raturo  'lluvshoKls 
(.Pata  "^invo  1 ~ t iKMson, 


lUta  S«,n»vo:  1 

So.isvM\:  bi't  (.Sop-Nov  1P73) 

Intorval  o!  Mi'asuivnK'iits : oO  inimitcs 


Stnivtuix': 

location  of  Sensor: 

lent 

Roof 

end 

Rut  lor 
Rix)  f Top 

bldg  1 

Near 
Center 

CtMlX 

Ceiling  Center 

rmx'sliold 

1 

1 

("n 

C’C) 

rs 

■’9.4 

0.1 

- 

- 

- 

- 

- 

- 

170 

7b. 7 

0.2 

- 

- 

- 

- 

“ 

IbS 

'3.9 

0.4 

- 

- 

- 

- 

- 

- 

ISUJ 

ILI. 

0.8 

- 

- 

- 

- 

- 

• 

IS5 

98.3 

l.b 

“ 

0.1 

“ 

- 

150 

t)5.b 

2.3 

- 

0.4 

- 

- 

0.1 

- 

145 

b2.8 

3.3 

' 

1.0 

- 

- 

0.0 

- 

140 

bO.O 

4.0 

- 

l.b 

- 

- 

1.1 

130 

54.4 

7.1 

0.1 

3.9 

0.3 

- 

4.3 

- 

120 

48.9 

10.8 

1.4 

8.1 

2.9 

8.8 

0.2 

No.  of  meiisurements 

ix.'r  sensor 

r 

1924 

I4ti3 

1924 

Ntiximum  neiisure- 

1 

ntnt  ("C) 

81 

54 

71 

50 

47 

07 

51 

IVita  presented  in 

1 

i-ig\jre 

A- 2 

A 

-4 

! 

A-6 

liiGLNP  Roof 

Ceiling 

Top 

Near-Center 

ciul 

Center 


vii'>per  surface,  roof  (structure  itself) 
iq>{H>r  underface,  ceiling  (structure  itself) 

3 feet  (Im)  In'lciN'  roof  ridge  (enclosed  air) 

8 feet  (2.4m)  :»bove  floor  (enclosed  air) 

3 feet  (Im)  above  ground  (enclosed  air) 
geometric  center  of  structun'  (enclosed  air) 


Table  A-3.  Perc^t^es  of  Measurements  Winch  ^i»_L_or 
Sp^ifTeJ  Tenyerature  tbre^^cls 
nVta  Source  T - Dry  Sea  19761 


n»ta  Source:  2 

Saison:  Dry  (Febriury  1977) 

Interval  of  Measurements:  60  minutes 


vSt  ructiux': 

Location  ol‘  Si'nsor: 

Ivliite  liuiyor 

Roof  Center 

tXTil-.X 

R^vf  Center 

riitv-s 

■hold 

i“n 

Ulfi 

..ZIA.. 

- 

1.5 

155 

08 . 3 

- 

5.5 

150 

05 .0 

- 

9.5 

145 

02.S 

12.8 

140 

OO.O 

- 

15.9 

130 

54.4 

- 

20.:’ 

i:o 

48.9 

4.5 

27.3 

No.  of  ni'iisuiYments 

IH-'r  sensor: 

421 

421 

Nbixinnin  measuiv 

- 

nii'nt  (."0 

52  38 

44 

Uita  piYsentcvi 

in 

Fitjuiv 

A- 7 A- 8 

A- 7 A-8 

liiGluNP  Ro».if 

- lyivr  surface,  ix>of  (.stnictuiY 

itself) 

Center 

- jjeometric  center  of  structiux'  lencloseJ  air) 

I'ablo  A~-<.  lVivoiit;^s  of  MtMsumiK'nts 
Mudi  hqual  or  r.xcoc».l  ■Stvcifu\I  Tonqvratiiro  TIuoshoKls 
(.Hat a Stnnvo  J - Season, 

I'ata  S<nuvo;  J 

SiMsoii:  Wot  (.limo,  July 

Inlorval  of  Mi'asuiviix'uts ; o minutos 


St  rue t lire : 

Wliite 

Ciuin'er 

C 0 

N r,  X 

iiale  of  Mi'asuivni'nt ; 

June 

Jiuie 

Julv 

Jiuie  8 Julv 

l.ocation  ol  Sensor: 

1 Roof  iVutor 

iRcvt*  Tent  or 

Roof  Comer 

Rixif  Center 

riireslioKl 

(°1-)  C’C) 

175>  79.4 

'W 

0.1 

0.1 

ro  70.7 

- 

- 

0.5 

- 

0.4 

0.3 

10.S  ".^.9 

- 

- 

0.9 

1 

1.5 

1.1 

loO  71,1 

- 

- 

1.7 

- 

2.9 

2.4 

l.'i.'^  08..^ 

- 

- 

' 7 

- 

5.2 

4,2 

150  oS.O 

- 

- 

4.4 

- 

7.9 

0.5 

145  o:.8 

0.1 

- 

5.8 

- 

10. 0 

8.0 

140  oO.O 

0.5 

- 

-.9 

- 

14.1 

11.5 

150  -54.4 

:.8 

- 

i:.o 

- 

20.2 

10.8 

i:0  48.9 

. 3 

- 

10.7 

- 

25.5 

21.9 

No.  of  ntasumiK'nts 

IV r scivsor: 

:880 

2880 

4080 

O9o0 

Mcviinum  nvasure- 
iiK-nt  (°C) 

I'ata  presented  in 

0.5 

58 

80 

4o 

82  4' 

82  47 

KiHuiv 

A -9 

i-10 

A- 9 

i-10 

A- 11  A- 12 

■ 

Ll.LajNH  Roof  - upiH'r  surface,  ivof  (.structuiv  itself) 

Center  - >;eometric  center  of  structinx'  (enclosed  air) 


Table  A- 5.  Percentages  of  Nleasurements 
IVhich  Hqual  or  lixcced  Specified  Temperature  Thresholds 
Data  Source  3 - Wet  Season,  1977 

Data  Source;  5 

Season:  Wet  (Jim-Oct  1977) 

InteiTal  of  measurements;  64  minutes 


Stnicture : 


Location  of 
Sensor: 

ihreshold 


Insulated 

MILVANs 

Near 

Ceiling  Ctr  Ammo 

Non -Insulated 
MILVAN 

Near 

Ceiling  Ctr  Ammo 

North -South" 
MILVAN 

Center 

East -West* 
MILVAN 

Center 

A* 

0.2 

- 

- 

- 

- 

- 

- 

- 

0.5 

- 

- 

- 

- 

- 

- 

- 

1.3 

- 

- 

- 

- 

- 

- 

- 

2.1 

- 

- 

- 

- 

- 

- 

- 

3.1 

- 

- 

0.5 

- 

- 

- 

- 

4.4 

- 

- 

1.2 

- 

- 

- 

- 

5.8 

- 

- 

2.3 

- 

- 

- 

- 

7.0 

- 

- 

3.9 

- 

- 

- 

- 

8.4 

- 

- 

5.7 

- 

- 

- 

- 

10.0 

- 

- 

8.0 

- 

- 

0.1 

** 

14.0 

- 

- 

11.5 

- 

- 

3.3 

0.9 

17.9 

0.1 

* 

16.9 

1.8 

“ 

11.2 

6.5 

9562 

2447 

1842 

1842 

89 

49 

37 

81 

56 

37 

61 

60 

A-13 

A-14 

A-15 

A-15 

No.  of  measurements 
per  sensor: 
Maximum  measure- 
ment (°C) 

Data  presented  in 
Figure 


LLGEND  Ceiling  - upper  underface,  ceiling  (structure  itself) 
Near-Center  - 8 feet  (2.4ra)  :ibove  floor  (enclosed  air) 

Center  - geometric  center  of  structure  (enclosed  air) 

Anmo  - surface  of  anminition  witliin  centrally  located  crate 

*North-south  MILVAN  - empty,  noninsulated  MILVAN  with  long  axis  running 

north  to  soutli 

Last-west  MILVAN  - empty,  noninsulated  MILVAN  with  long  axis  running 

east  to  west 


**Percentage  was  less  thai  0.1,  but  greater  than  zero 


r^>le  A-t).  tVrcentat;es  of  Days  on  hfliidi  Stxx'ificd 
TomioratUR'  ’riiresholds  Were  Et^ilod  or  Exceeded 
CPata  Source  1 - 5e^aso>\  l9^77y 


Data  Souivo : 1 

Stvison:  Ur>'  (R'b-/\pr  1974) 

Interval  of  Mccisui^ments:  bO  iiiuiutos 


Structure 

Location 

of  Sensor: 

Tent 

Rixjf 

Cnd 

butler 
Roof  I’op 

bldg 

Near 

Center 

CDNLX 

Ceiling  Center 

Ilireshold 

(“F) 

(°C) 

1S5 

08. 3 

- 

- 

0 

. 

_ 

150 

05.0 

7 

- 

19 

145 

b2.8 

7 

- 

30 

. 

. 

* _ 

140 

oO . 0 

25 

- 

4b 

- 

- 

3 

130 

54.4 

35 

■) 

93 

57 

- 

54 

120 

48.9 

53 

10 

98 

94 

11 

95 

I’otal  No. 

of  Diiys: 

43 

54 

bl 

liiGliNl)  Roof  - upper  surface,  roof  (stnicture  itself) 

CeiliJig  - i^iper  iniderface,  ceiling  (structure  itself) 
Top  - 5 feet  (bn)  lx- low  roof  ridge  (enclosed  air) 

Near-Center  - 8 feet  (2.4m)  ;ibove  floor  (enclosed  air) 
liid  - 3 feet  (Im)  iibove  ground  (enclosed  air) 

Center  - geometric  center  of  stnicture  (enclosed  air) 


Table  A- 7.  Fercentaaos  of  Days  cai  hlucli  Spec! tie J 
Tenycrature  Tlu'csholds  Vfcrc  liqualeJ  or  fixcecdt  j 
O^ata  .Source  1 - Wet  1^7^ 


Data  Source:  1 

Season:  Uet  (Sep  - Nov  1973) 

Intei^al  of  MeasureiiK'nts : *00  minutes 


St  ructure 
Location 

of  Sensor: 

Tent 

Roof 

Gnd 

But le  r 
Roo  f Top 

Bldg 
i Near 
Center 

CONliX 
Ce i 1 ing 

Center 

lliix'sliold 

("F) 

(“O 

175 

79.4 

1 

- 

- 

- 

- 

- 

- 

170 

70.7 

4 

- 

- 

- 

- 

- 

- 

lt)5 

73.9 

11 

- 

- 

- 

- 

- 

- 

loo 

71.1 

19 

- 

- 

- 

- 

- 

- 



68.3 

30 

- 

*) 

- 

- 

- 

- 

150 

05. 6 

41 

- 

10 

- 

- 

■» 

- 

145 

62.8 

49 

- 

18 

- 

- 

- 

140 

00.0 

59 

- 

25 

- 

- 

’2 

- 

130 

54.4 

75 

1 

52 

7 

- 

55 

- 

120 

48.9 

82 

*»  ^ 

83 

40 

79 

5 

Total  No. 

of  Days 

80 

OO 

SO 

LiiGliND  Roof  - u{nx:r  surface,  roof  (structuix'  itself) 

Ceiling  - uji^vr  underface,  ceiling  (stnicture  itself) 
i’op  - 3 feet  (Im)  below  ixjof  ridge  (enclosed  air) 

Near-Center  - 8 feet  (2.4m)  iil^ove  floor  (enclosed  air) 
tiid  - 3 feet  (Im)  ;iliov\'  groiuid  (enclosed  air) 

Center  - geometric  center  of  stnicture  (enclosed  air) 
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Table  A-8.  Percentages  of  Days  on  Which  Specified 
Tenperature  Thresholds  Were  Equaled  or  ^ceede'd 
G)ata  Source  2 ~ Dry  Season  19^6^ 


data  Source:  2 

Season:  Dry  (Feb- 1976) 
Interval  of  ^VeasureInents : 

60  minutes 

Structure: 

Location  of  Sensor: 

VJhite  Canqper 

Roof  Center 

CONEX 

Roof  Center 

Ihresnold 

(“F)  (“C) 

160  71.1 

15^  68.3 

150  65.6 

145  62.8 

140  60.0 

130  54.4 

120  48.9 

1 1 1 1 1 1 1 

1 1 1 f 1 1 (M 

28 

78 

83 

89 

100 

100 

100 

Total  No.  of  days: 


18 


18 


Table  A-9.  Percentages  of  Day^  on  Mvich  SpecifieJ 
1’'en4>gr^Tjni’e  1'hx‘eshoTcL*'  \k;rc  (k^tiaieJ  or"):'xcecdcd 
O^ata  Source  2 - Wet  Seiison 

Kata  Source:  2 

Sc'ason:  Wet  (Jmi,  Jul  197b) 

Interval  of  I'leasuremeiits:  b minutes 


Structure: 

Date  of  Measurement: 
Location  of  Sensor: 

Wliite  Caii^xjr 
June 

Roof  Center 

June 

Roof  Center 

CONLiX 

July 

Roof  Center 

JiBie 

Roof 

li  July 
Center 

llircshold 

(°F)  (“C) 

175  79.4  1 

- 

- 

17  * , 

11 

13 

170  7b. 7 

- 

- 

25 

33 

30 

« 

IbS  73.9 

- 

- 

42 

67 

57 

IbO  71.1 

- 

- 

so 

72 

63 

155  68.3 

- 

- 

58 

78 

70 

150  65.5 

- 

83 

! 83 

83 

• 

145  62.8 

25 

- 

! 92 

89 

90 

• 

140  60. 0 

33 

- 

92 

89 

90 

130  54.4 

58 

- 

92 

94 

83 

« 

120  48.9 

92 

- 

92 

100 

97 

- 

Total  No.  of  Days: 

12 

12 

18 

30 

U-CdiNU  Roof 
Center 


upper  surface,  roof  (structure  itself) 
geometric  center  of  structure  (enclosed  air) 


T^Ic  A- 10.  Percentages  of  Pa^Ti  Wliidi  SpccifioJ 
Tennx>r'aturo  ’flxrosKolds  Were  f^ualed  or  ExcccUcd' 
(t^ata  Source  !S  - Vfct  Season  1977j 


l\>tn  Source;  3 

Season:  Wot  (Jun  - (Vt  1977) 

lntor\’al  of  MeasurenK’nts;  (i4  minutes 


Structure: 

Ltxration  of 
Sensor : 

Insulated 

MlLVANs 

Near 

Ceiling  Ctr  Anno 

Non -Insulated 
MILVAN 

Near 

Ceiling  Ctr  Ammo 

North -South* 
MILVAN 

Center 

. i 

bast -West* 
MILVAN 

Center 

Threshold 

(»F)  (»C) 

190  87.8 

1 

185 

85.0 

10 

- 

- 

- 

- 

- 

- 

- 

180 

82.2 

24 

- 

- 

- 

- 

- 

- 

- 

175 

79.4 

39 

- 

- 

1 

- 

- 

- 

- 

170 

76.7 

49 

- 

- 

1 

- 

- 

- 

- 

165 

73.9 

52 

- 

- 

10 

- 

- 

- 

- 

IbO 

71.1 

61 

- 

- 

25 

- 

- 

- 

- 

68.3 

68 

- 

- 

40 

- 

- 

- 

- 

150 

65 .6 

75 

- 

- 

53 

- 

- 

- 

- 

145 

62.8 

80 

- 

- 

60 

- 

- 

- 

- 

140 

60.0 

86 

- 

- 

69 

- 

- 

4 

1 

130 

54.4 

91 

- 

- 

83 

1 

- 

42 

16 

120 

48.9 

92 

1 

- 

89 

27 

- 

73 

59 

Total  No 
Ibys ; 

. of 

88 

84 

84 

89 

84 

84 

1 90 

90 

LliGLNl)  Ceiling  - i^jper  underface,  ceiling  (stnicture  itself) 
Near-Center  - 8 feet  (2.4m)  above  floor  (enclosed  air) 

Aiano  - surface  of  anmuiition  within  centrally  located  crate 

Center  - geometric  center  of  structure  (enclosed  air) 

*Nortli-sout}i  MILVAN  - enpty,  noninsulated  MILVAN  witli  long  axis  rtntning 

nortlt  to  soutlt 

bast-west  MILVAN  - enpty,  noninsulated  MILVAN  witi)  long  axis  running 

east  to  west 
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I'iguro  A- 1 . iXimulativo  I'miiionoy  Hist  l ilnit  ions  ol 
Tent  Tomporaturcs  Ul*'y  Season,  10741 
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I'imire  A-2.  iXumilat  ive  l'ix\iueney  I'isl  ribut  ions  ol 
lent  rnnperalnres  iWet  Season,  10731 


Cumulative  Frequency,  Percent  Cumulative  Frequency,  Percent 


romperaturc  ("F) 


loot — 


lljiper  surface,  roof 

++++i;ncloscd  air,  Im 
below  roof  ridge 
• • • •enclosed  air,  2.4m 
aliove  concrete  floor 


Temix'rature  ( C) 

Figure  A-3.  Cumulative  F'reciuency  Distributions 
of  butler  Building  Tenperaturcs  1017  Season,  19741 

Temperature  l°F) 


_l)lipcr  surface,  roof 

++++lincloscd  air,  Im  below 
roof  ridge 

••••enclosed  air,  2.4m  above 
concR'te  floor 
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Figure  A-4.  Ciurailative  Frequency  Distributions  of 
Ikitler  Building  Tt'inperatures  (Wet  Sea.son, 


Cumulative  Frequency,  Percent  _ Cumulative  Frequency,  Percent 
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I'invno  A- 8.  liumilativo  Inwiiioncy  Hist  rihit  ions  ot 
t'llNl'.X  llontaincr  romix'ratures  liiiy  Season,  10“ 4) 


oO 
00  I* 


leinierature  (‘’1-1 

80  100  i:o 

A-  i. A ^ -1 




140 


loO 


180 
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cei 1 inn 
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inure  A-o.  ('uimlative  I'rixjiiency  Hist  nbut  ions  ol  iWNl  X 
Container  rmperatures  (Wet  Season,  10“.'l 
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Figure  A- 7.  Qunilative  Frequency  Distributions  of  (X)NF.X  and 
White  I'ainKr  Roof  Temperatures  CDry  Season,  Febnun*)'  10761 


Tenperature  ['’F) 


Figure  A-8.  Qimiilative  F'rotjucncv  Distributions  of  QlNliX  ;uul 
Wliitc  C.impcr  Internal  Air  rem|ioraturos  (Dr>-  Season,  Fd-vruary  19761 


Cunulative  Frequency,  Percent  Cuniulative  Frequency,  Percent 


Tenperature  ( F) 


Unite  Carper 


Tenperature  ( C) 

Figure  A- 9.  Cumulative  Frequency  Distributions 
of  CONEX  and  White  Camper  Roof  Temperatures 
(Wet  Season,  June  1976) 

Tenperature  (°F) 


CONEX 

White  Carper 


Tenperature  (°C) 

Figure  A- 10.  Cumulative  Frequency  Distributions 
of  CONEX  and  White  Carper  Internal  Air  Temperatures 
(Wet  Season,  June  1976) 
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Fisure  A- 11.  l^miulativc  Frequency  Distributions 
of  CDNF.X  Container  Roof  Temperatures  for  June  and  July  197b 

(Wet  Season) 


Temperature  (®F) 
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I'ijjure  A- 12.  Qmulative  Frc^iuency  Distributions 
of  CONIDC  Container  Internal  Air  Temperatures 
for  June  and  July  1976  (Wet  Season) 
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F'igure  A- 15.  Qnnulative  I'requency  Distributions 
ot  Air  Temperatures  Within  North-South  Oriented  MILVAN 
and  bast -West  Oriented  MILVAN  fWet  Season,  1977) 
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